
COMMUNICATIONS

2290 � WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001 1433-7851/01/4012-2290 $ 17.50+.50/0 Angew. Chem. Int. Ed. 2001, 40, No. 12

Hybrid Molecular Materials Based on
Covalently Linked Inorganic Polyoxometalates
and Organic Conjugated Systems**
Bubin Xu, Yongge Wei, Charles L. Barnes, and
Zhonghua Peng*

Polyoxometalate (POM) chemistry has advanced dramat-
ically during the past two decades, and numerous new
structural types with fascinating topological beauty and
important electronic, optical, and catalytic properties have
been developed.[1±4] Parallel to the rapid progress made on
these inorganic metal ± oxygen cluster anions, studies on
organic and polymeric conjugated materials have also ex-
ploded and flourished.[5±8] The fact that the Nobel Prize in
chemistry for 2000 went to three preeminent scientists
working on conjugated polymers is the ultimate testimony
to the important developments in organic conjugated sys-
tems.[9]

Although they are vastly different in molecular structures,
POMs and organic conjugated molecules/polymers are both
electrically active materials with similar electrical and optical
properties such as photochromism, electrochromism, and
conductivity. The underlying mechanisms of these properties
are, however, different for the two types of materials, with dp

electrons responsible for the inorganic clusters, and delocal-
ized p electrons responsible for the organic counterpart.
While both areas have been enjoying considerable success,
there has been little success in bringing these two types of
materials together through covalent bonds.[10, 11] Not only will
such hybrid materials combine the advantages of organic
materials, such as ease in processing and structural fine tuning,
with those of inorganic clusters, but the close interaction of

organic delocalized p electrons with the cluster d electrons
may bring exciting synergistic effects. Such materials with
their unique structures are extremely interesting not only to
synthetic chemists and materials scientists, but also to
theoretical and experimental physicists.

Herein, we report the synthesis of such hybrid materials
through Pd-catalyzed coupling reactions and demonstrate, for
the first time, that iodo-functionalized hexamolybdates can
undergo Pd-catalyzed coupling reactions with ethynylarenes.
These reactions open an exciting research arena where a
variety of hybrid materials containing covalently bonded
POM clusters and organic conjugated segments can be
prepared in a controllable and rational way.

Scheme 1 shows the structures and synthesis of the hybrid
materials. Compound [Bu4N]2-1 was synthesized by using an
approach developed in our laboratory.[12] The coupling of

Scheme 1. Pd-catalyzed coupling of the iodo-funtionalized hexamolybdate
anion 1 with alkynes.

[Bu4N]2-1 with 1-ethynyl-3,5-di(tert-butyl)benzene or 1-ethyn-
yl-4-methylbenzene was carried out in acetonitrile at room
temperature under the protection of nitrogen.[13] The reaction
is unusually fast and is completed in a few minutes as
monitored by thin-layer chromatography. The cluster not only
survived under the reaction conditions, it apparently activates
the coupling reaction. The enhanced reactivity of the iodo
function in 1 is presumably due to the electron-withdrawing
nature of the MoÿN triple bond. Prolonged reaction time is
found to be detrimental, as the coupling product slowly
decomposes to its parent {Mo6O19} cluster under the reaction
conditions. Nevertheless, pure products [Bu4N]2-2 a and
[Bu4N]2-2 b can be synthesized in excellent yields.

Both [Bu4N]2-2 a and [Bu4N]2-2 b exhibit excellent solubility
in common organic solvents such as dichloromthane, chloro-
form, acetone, acetonitrile, THF, and DMF. They also show
remarkable stability against O2 and moisture. No obvious
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decomposition is observed after their
solutions stand in air for nearly one
month. The structures of the products
were confirmed by elemental analysis,
spectroscopic measurements, and X-ray
single-crystal structure analysis. Figure 1
shows the 1H NMR spectra of [Bu4N]2-1,
[Bu4N]2-2 a, and [Bu4N]2-2 b in [D6]ace-
tone. All spectra show clearly resolved
signals, all of which can be unambigu-
ously assigned. In each case the integra-
tion matches well with the desired
structure.

Single crystals of [Bu4N]2-2 b were
grown by diffusion of diethyl ether into
a solution of the compound in acetoni-
trile. The crystals are very thin plates
which generate rather weak X-ray dif-
fraction signals. Nevertheless, the X-ray
diffraction measurement does confirm
the targeted structure.[14] Figure 2 shows
the ORTEP drawing of the crystal
structure of the anion 2 b. Compound
[Bu4N]2-2 b crystallizes in space group C2/c with two crystallo-
graphically independent anions in the asymmetric unit. One
axis is significantly longer (ca. 60 �) than the other two (22
and 19 �). Similar to its precursor 1 and other arylimido

Figure 1. 1H NMR spectra of [Bu4N]2-1, [Bu4N]2-2 a, and [Bu4N]2-2b in
[D6]acetone. The two unlabeled peaks are solvent signals (acetone and
water).

derivatives of hexamolybdates, the MoÿN bond in 2 b shows
triple-bond character, as evidenced by the short bond length
(1.74 �) and nearly linear Mo-N-C angle (171.48). It is rather
unusual that the oligo(phenylene acetylene) unit is not linear,
instead showing some curvature.

The electronic properties of functionalized hexamolybdates
were studied by UV/Vis absorption and static fluorescence
measurements. As shown in Figure 3, the lowest energy

Figure 3. UV/Vis absorption spectra of [Mo6O19]2ÿ, 1, and 2a.

electronic absorptions are significantly red-shifted from
parent [Mo6O19]2ÿ to mono-arylimido hexamolybdate 1, and
to the coupling product 2 a. If, as commonly believed, the
lowest energy absorption is due to the charge-transfer
transition originated in a state dominated by MoÿN p-
bonding,[15] the bathochromic shifts observed may imply that
the MoÿN p bond is delocalized with the organic conjugated p

electrons. In other words, there is a strong electronic
interaction between the metal ± oxygen cluster and the
organic segment. Fluorescence studies show that 2 a and 2 b
show no fluorescence under excitation from 200 nm to
500 nm. Considering the fact that oligo(phenylene ethyny-
lene)s are highly fluorescent molecules,[16] the hexamolybdate

Figure 2. Structure of one of the two crystallographically independent anions of 2b (ORTEP
diagram). Selected bond lengths [�] and angles [8]: Mo1a-N1a 1.739(19), Mo2a-O9a 1.67(2), Mo3a-
O13a 1.68(2), Mo4a-O16a 1.71(3), Mo5a-O17a 1.74(2), Mo6a-O18a 1.69(3), O1a-Mo1a 2.193(14), O1a-
Mo6a 2.293(16), O1a-Mo5a 2.317(16), O1a-Mo4a 2.335(18), O1a-Mo3a 2.334(14), O1a-Mo2a
2.367(18), N1a-C1a 1.41(3), C1a-C6a 1.36(3), C1a-C2a 1.43(3), C2a-C3a 1.41(3), C2a-C7a 1.56(4),
C3a-C4a 1.37(3), C4a-C5a 1.38(3), C4a-C9a 1.48(3), C5a-C6a 1.35(3), C6a-C8a 1.52(3), C9a-C10a
1.17(3), C10a-C11a 1.44(3), C11a-C16a 1.39(3), C11a-C12a 1.41(3), C12a-C13a 1.37(3), C13a-C14a
1.41(3), C14a-C15a 1.36(3), C14a-C17a 1.55(4), C15a-C16a 1.39(3), C1a-N1a-Mo1a 171.4(18), C10a-
C9a-C4a 172(3), C9a-C10a-C11a 173(3).
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Enzymatic reactions are valuable tools in syntheses of
polyfunctional natural products and drugs. This holds true, in
particular, for syntheses of oligosaccharides and their glyco-
conjugates, since numerous protecting-group manipulations
can be avoided and glycosidic linkages can be formed regio-
and stereoselectively by using glycosyltransferases[1] and
glyocosidases.[2] Successful enzymatic chain extensions of
saccharides have been reported, in particular, for the for-
mation of oligosaccharides and glycopeptides that contain
sialic acid, in the course of which the enzymatic reactions
constitute the final steps of the whole synthesis.[3] If, however,
enzymatically prepared sialyl glycoconjugates are to be used
in continuing chemical syntheses (e.g. of glycopeptides), their
numerous functional groups must be blocked by selectively
removable protecting groups.

cluster evidently acts as a fluorescence quencher, presumably
by accepting the excited electrons.

In conclusion, the reported Pd-catalyzed CÿC coupling of
iodo-functionalized hexamolybdate building blocks and al-
kynes thus offers a route to hybrid materials in which POM
clusters are covalently bonded with organic conjugated seg-
ments.

Experimental Section

A mixture containing [Bu4N]2[Mo6O18�NC6H2(CH3)2I] ([Bu4N]2-1),
(2.00 g, 1.26 mmol), 1-ethynyl-3,5-di(tert-butyl)benzene or 1-ethynyl-4-
methylbenzene (1.90 mmol, 1.5 equiv), [Pd(PPh3)2Cl2] (0.026 g, 0.03 equiv),
CuI (0.014 g, 0.06 equiv), and triethylamine (1 g) was stirred in acetonitrile
(40 mL) at room temperature for 20 min, which led to a shiny red solution.
Dichloromethane (100 mL) was then added. The resulting solution was
washed twice with H2O and brine water, and then concentrated to about
10 mL. After the addition of hexane (200 mL) to the above concentrated
solution, it was left standing for 2 h. The top yellowish clear solution was
discarded. The oily dark red residue was dried under vacuum to yield the
products as dark red solids ([Bu4N]2-2 a, 85 % yield; [Bu4N]2-2b, 72%
yield).

[Bu4N]2-2 a : Elemental analysis (%) for C56H101N3O18Mo6: calcd: C 40.04,
H 6.06, N 2.51; found: C 40.99, H 6.07, N 2.55; 1H NMR (250 MHz,
[D6]acetone, 25 8C, TMS): d� 0.97 (t, J� 7.25 Hz, 24 H; CH3), 1.34 (s, 18H;
C(CH3)3), 1.47 (sextet, J� 7.30 Hz, 16H; CH2), 1.83 (quintet, J� 7.94 Hz,
16H; CH2), 2.64 (s, 6H; ArH), 3.45 (t, J� 8.50 Hz, 16 H; NCH2), 7.25 (s,
2H; ArH), 7.39 (s, 2 H; ArH), 7.52 (s, 2 H; ArH).

[Bu4N]2-2 b : Elemental analysis (%) for C49H87N3O18Mo6: calcd: C 37.21, H
5.54, N 2.66; found: C 36.83, H 5.32, N 2.61; 1H NMR (250 MHz,
[D6]acetone, 25 8C, TMS): d� 0.99 (t, J� 7.38 Hz, 24 H; CH3), 1.46 (sextet,
J� 7.3 Hz, 16 H; CH2), 1.83 (quintet, J� 7.94 Hz, 16H; CH2), 2.37 (s, 3H;
ArH), 2.64 (s, 6H; ArH), 3.47 (t, J� 8.5 Hz, 16H; NCH2), 7.23 (s, 2H;
ArH), 7.25 (d, J� 8.5 Hz, 2 H; ArH), 7.42 (d, J� 7.25 Hz, 2H; ArH).
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